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A Proposed Orb i t ing  X-ray Telescope* t 
In  t h e  x-ray reg ion  t h e  index of r e f r a c t i o n  of 
a l l  m a t e r i a l s  is very s l i g h t l y  s m a l l e r  t h a n  one. It is 
given  by c l a s s i c a l  electron theo ry  ( W 2 )  as: 
21r m cz 
Ne = number of electrons p e r  cm3 whose b inding  energy is 
s m a l l e r  t h a n  t h e  energy of  t h e  i n c i d e n t  x-rays.  
e = e l e c t r o n  charge  [ e . s . u . ? '  
h = wavelength Ccd 
c = v e l o c i t y  of l i g h t  cm sec 
S ince  6 << 1 t h i s  l e a d s  t o  a c r i t i c a l  ang le  of t o t a l  
-1 
r e f l e c t i o n  of 
which is of t h e  o r d e r  of 1' for x-rays i n  t h e  1 A r eg ion .  
(1) M. A. Lorentz ,  The Theory of E l e c t r o n s ,  Le ipz ig ,  
Teubner 1916. 
For a review of t h e  l i t e r a t u r e  see K i r k p a t r i c k  and 
H. H. P a t t e e ,  Jr. ,  Handbuch d e r  Phys ik ,  Sp r inge r  1957, 
(2)  
Vol. 30. 
* T h i s  s tudy  was supported by t h e  Na t iona l  Aeronaut ics  and 
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With  t h e  p o s s i b i l i t y  t o  l i f t  i n s t r u m e n t s  above t h e  e a r t h ' s  
atmosphere and t o  observe  i n  wavelength r e g i o n s  so f a r  
u n a c c e s s i b l e  it is of i n t e r e s t  t o  examine t h e  p o s s i b i l i t y  
t o  des ign  a t o t a l l y  r e f l e c t i n g  x-ray t e l e s c o p e .  The 
basic des ign  f e a t u r e  of t h e  proposed in s t rumen t  is t h e  
u s e  of one or more c o n c e n t r i c  s l ices  of p a r a b o l o i d s  
a r ranged  t o  h2ve a common focus .  ( F i g u r e  1) ( I t  h a s  only  
r e c e n t l y  come t o  my a t t e n t i o n  t h a t  an i d e n t i c a l  des ign  
was proposed e a r l i e r  by Giacconi and Rossi. (3) 
The cost of t h e  ins t rument  is obvious ly  
determined by t h e  two parameters ,  AL and r2 which describe 
t h e  p h y s i c a l  dimensions of t h e  m i r r o r  r i n g .  One is t h e n  
l e f t  w i t h  a c h o i c e  of two other parameters ,  t h e  smaller 
r a d i u s  R1 and t h e  mirror m a t e r i a l  and compromises have 
t o  be found concern ing  t h e s e  two. 
Choice of Mate r i a l :  
S ince  t h e  c r i t i ca l  ang le  of t o t a l  r e f l e c t i o n  is 
p r o p o r t i o n a l  t o  t h e  e l e c t r o n  d e n s i t y  and hence roughly  
p r o p o r t i o n a l  t o  t h e  d e n s i t y  of t h e  m i r r o r  material ,  t h e  
(3) R .  Giacconi  and B. Rossi, J o u r n a l  of Geophysical  
R e s .  - 6 5 ,  773 ( 6 0 ) .  
3 
b e s t  choice would seem t o  be t o  u s e  a s  dense a material  
as p o s s i b l e ,  however, t h e  Zbsorp t ion  Xoes up w i t h  t h e  
atomic number Z and reduces t h e  r e f l e c t i v i t y ,  e s p e c i a l l y  
a t  l onge r  wavelengths .  A l s o ,  i n  h igh  Z m a t e r i a l s  t h e  
i n n e r  e l e c t r o n s  a r e  t o o  t i g h t l y  bound t o  c o n t r i b u t e  t o  
t h e  t o t a l  r e f l e c t i o n  w h i c h  is  due only  t o  e l e c t r o n s  
whose b ind ing  energy is sma l l e r  t han  t h e  energy of t h e  
r a d i a t i o n  t o  be r e f l e c t e d .  For t h i s  r ea son  it  is 
p r e f e r a b l e  t o  u s e  medium d e n s i t y  low Z materirls .  
An examinat ion of t h e  e lements  and of i n o r g a n i c  
compounds y i e l d s  t h e  fo l lowing  a s  having t h e  h i s h e s t  
( e f f e c t i v e )  e l e c t r o n  d e n s i t y :  
Absorpt ion edge N e  above 
M a t e r i a l  N e  between 5-20 A abs .  edge 
23  




23 11.5 x 10 2 3  10 .6  x 10 
12 .33  
2 2 . 7 8  x 1 0  23 11-13 1 (L) 16.03  x 
Table 1 
Using F r e s n e l s  formule f o r  t h e  r e f l e c t i o n  from en absorb ing  
medium, wh ich  was shown t o  be a p p l i c a b l e  t o  x-rays by 
Nghring") one o b t a i n s  f o r  t h e  r e f l e c t i v i t y  as a f u n c t i o n  
of angle:  
(4) E. Nshring,  Phys ika l .  Z e i t s c h r .  31 - 401 (1930) 
4 
E =  mass a b s o r p t i o n  c o e f f i c i e n t  
F ig .  2 shows t h e  r e f l e c t i v i t y  of B e 0  and Cu f o r  v a r i o u s  
3 
J 
wsve lens ths  a s  a f u n c t i o n  of a n z l e .  
Choice of Inner  Radius.  
The cho ice  of t h e  i n n e r  r a d i u s  de te rmines  t h e  
l a r g e s t  ang le  of r e f l e c t i o n  r.nd t h e r e b y  t h e  s h o r t e s t  wzvelenztii 
a t  which  t h e  e n t i r e  t e l e s c o p e  is e f f e c t i v e .  If we 
have t h e  lower wavelenzth l i m i t  t o o  low we restrict 
t h e  opening f o r  a l l  wavelengths and  i f  w e  s e t  i t  t o o  h i z h  
we c u t  o f f  u s e f u l  in format ion  i n  t h e  s h o r t e r  wavelength 
r e g i o n .  The proper  cho ice  of t h e  i n n e r  r2.dius t h e r e f o r e  
h a s  t o  depend on a v a i l r b l e  in formpt ion  about t h e  s p e c t r a l  
d i s t r i b u t i o n  of t h e  x-reys t o  be observed.  The exper imenta l  
ev idence  f o r  t h e  e x i s t e n c e  of x-r,?ys from e x t r a  s o l a r  
s o u r c e s  by G u r s ! ~ y ( ~ ) e t  21  seems t o  i n d i c z t e  t h a t  x-rays 
w i t h  wavelengths  i n  e x c e s s  of two angstrom me predominant.  
(5) H. Gurs!cy, R .  Gic?cconi, F. R .  P a o l i n i  and 13. Rossi  
Phys. Rev. L e t t e r s  11, 30 (1383) 
5 
A s tudy  of t h e  abso rp t ion  i n  t h e  i n t e r s t e l l a r  
g a s  by Strom and Strom (‘I shows t h a t  f o r  d i s t m c e s  of 
t h e  o r d e r  of one thousand l i g h t  y e a r s ,  o b s e r v a t i o n  t o  
0 
= 20 A might be p o s s i b l e ,  o r  for v e r y  po\.rer?ul s o u r c e s  
e v c l l b  h-401. Me s h a l l  assume from here on t h a t  i n t e r -  
s t e l l a r  a b s o r p t i o n  can be n e g l e c t e d  f o r  wavelengths  below 
20 A .  
The s p e c t r a l  d i s t r i b u t i o n  of t h e  incoming x- 
r a d i a t i o n  depends s t r o n g l y  on  t h e  n a t u r e  of t h e  s o u r c e  
and there seem t o  be a t  l e a s t  t w o  p o s s i b l e  t y p e s  of 
x-ray sources :  
a)  Bremsstrahlung r a d i a t i o n  from i o n i z e d  g a s  
c l o u d s  w i t h  i! quantum i n t e n s i t y  t h a t  is  p r o p o r t i o n a l  t o  
t h e  wavelength(7) .  
d e s i r a b l e  t o  put  t h e  s h o r t  wavelength c u t o f f  a s  h igh  a s  
p o s s i b l e  compat ib le  w i t h  i n t e r s t e l l a r  a b s o r p t i o n .  
T h i s  t y p e  of spectrum makes it 
b) A much more e x c i t i n g  p o s s i b i l i t y  j u s t  
(8)(9) is to r e c e n t l y  p o i n t e d  o u t  by Chiu and S r l p e t e r  
observe  thermal  x-rays from neu t ron  s t a r s .  
on t h e  assumed s u r f a c e  tempere ture  of t h e  neu t ron  stars 
Depending 
(6) S. E. Strom and K .  ill. Strom 
( 7 )  L. Freclrick f i n a l  r e p o r t ,  NASA g r a n t  NsA 480 
(8) H. Y .  Chiu,  Ann. Phys. - 26, 364 (1964) 
(9) H. Y .  Chiu and E.  E. S a l p e t e r ,  Phys. Rev. Letters 






Chiu  and S a l p e t e r  a r r i v e  a t  s p e c t r a l  d i s t r i b u t i o n s  
peaking between 2 . 4  and 6 . 2  A .  
w i l l  presumably have a quantum d e t e c t o r  it is more 
a p p r o p r i a t e  t o  look  a t  the peak of t h e  quantum emiss ion  
which  l i e s  between 3 and 8.6 A for t h e  s a m e  t empera tu re  
range .  
0 
Since  an x-ray t e l e s c o p e  
0 
Since  30% of t h e  quantum emiss ion  from 2 black  
body is above t h e  wavelength of t h e  peak i n t e n s i t y  Am 
and 55 % or 37% above 1 .5  or 2hm r e s p e c t i v e l y  it is 
not  d i f f i c u l t  t o  des ign  a t e l e s c o p e  t h a t  p e r f o r x s  well 
f o r  bo th  t y p e s  of sou rces .  
Des ign  Parameters  and Expected Performance f o r  2. Proposed 
Telescope.  
To a good approxir ia t ion t h e  r e f l e c t i n g  a r e a  of 
a p a r a b o l o i d a l  r i n g  is p r o p o r t i o n a l  t o  *g 
t h e  upper l i m i t  o n  r2 and AL is budgetary and f o r  t h e  
sake of argument r = 125 c m  and AL = 500 c m  was 
assumed, t h i s  would p l ace  t h e  f o c a l  p l ane  roughly G O  f t  
behind t h e  r ing* .  Ta.!cing i n t o  x c o u n t  a b s o r p t i o n  i n  
t h e  mirror m a t e r i a l  t h e  r e f l e c t i o n  e f f i c i e n c y  was c a l -  
. r2 . AL, max 
2 
c u l a t e d  f o r  Be0  and Cu mirrors f o r  t w o  d i f f e r e n t  choices 
of t h e  s m a l l e r  r a d i u s  r l ,  co r re spond ing  t o  a 5 cu t -o f f  
a t  5 and a t  10  i, assuming a f l a t  s p e c t r a l  d i s t r i b u t i o n .  
*The numbers chosen a r e  a r b i t r a r y  and do not  i n d i c a t e  
a choice of a c t u a l  parameters  on t h e  p a r t  of t h e  NASA. 
7 
I ,  The r e s u l t s  show t h a t  a Be0 mirror  I s  t h e  b e s t  choice a t  
l ong  w v e l e n g t h  and is only  i n s i g n i f i c a n t l y  l e s s  e f f e c t i v e  
at s h o r t  wavelength.  I t  should be e r s y  t o  manufacture  by 
s u r f  a c e  
F i g  1: 
F i x  2 :  
F i g  3: 
o x i d a t i o n  of a n  evaporated Be  f i l m .  
F i  Zure Capt ions  
P a r a b o l o i d a l  z i r r o r .  
R e f l e c t i v i t y  of Cu and Be0  c a l c u l a t e d  u s i n g  eq. 2 
ta lc in2 i n t o  account t h e  number of e f f e c t i v e  e l e c t r c n z .  
White bars: r e f l e c t i n g  area "A" of t e l e s c o p e s  
w i t h  AL = 500 c m  and r2 = 125 c m  f o r  v a r i o u s  
choices of m a t e r i z l  r.nd s h o r t  wavelength c u t o f f .  
i3lac'k 'hrs:  product of a r e a  2s d e f i n e d  above and 
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